Objectives-In epidemiological studies of neurotoxic effects neuropsychological tests are often applied to assess possible functional changes. In these studies tests presumed to be resistant to neurotoxic effects, "hold tests", are often used to adjust performance in tests presumed to be sensitive to neurotoxic effects, "nonhold tests", in assessment of pre-exposure ability. This conception is based on experience from the examination of patients with organic brain disorders. For this adjustment to be valid hold tests should change comparatively little over time and should not change differently in groups of people with different exposures to neurotoxic agents. Methods-These assumptions were examined in 71 carpenters and 135 painters divided in three subgroups according to level of cumulative exposure to organic solvents. The results were noted from two verbal tests (test A, which involved following verbal instructions and test C, word comprehension), which were performed at conscription (age 18-20). The tests resemble hold tests used in occupational studies. The same tests were performed again at the age of 45-60 together with a conventional synonym test (SRB 1), often used in occupational studies. Results-In the three tests given at the time of the investigation some differences were found between the carpenters and the subgroups of painters. The painters with low exposure tended to perform better than the carpenters in all three tests and the heavily exposed painters tended to perform less well in the tests. These differences were not present at the age of 18-20. The aim of the present study is to investigate whether some different measures of primary intellectual level meet the second and, to some extent, the first of these criteria, and may thus be used as hold tests in occupational studies of neurotoxic effects.
neurotoxic effects neuropsychological tests are often applied to assess possible functional changes. In these studies tests presumed to be resistant to neurotoxic effects, "hold tests", are often used to adjust performance in tests presumed to be sensitive to neurotoxic effects, "nonhold tests", in assessment of pre-exposure ability. This conception is based on experience from the examination of patients with organic brain disorders. For this adjustment to be valid hold tests should change comparatively little over time and should not change differently in groups of people with different exposures to neurotoxic agents. Methods-These assumptions were examined in 71 carpenters and 135 painters divided in three subgroups according to level of cumulative exposure to organic solvents. The results were noted from two verbal tests (test A, which involved following verbal instructions and test C, word comprehension), which were performed at conscription (age [18] [19] [20] . The tests resemble hold tests used in occupational studies. The same tests were performed again at the age of 45-60 together with a conventional synonym test (SRB 1), often used in occupational studies. Results-In the three tests given at the time of the investigation some differences were found between the carpenters and the subgroups of painters. The painters with low exposure tended to perform better than the carpenters in all three tests and the heavily exposed painters tended to perform less well in the tests. These differences were not present at the age of [18] [19] [20] When, in the 1970s, the neuropsychiatric effects of exposure to organic solvents started to be investigated in Sweden it was found that symptoms experienced by exposed workers were similar to those of patients with the early stages of diffuse organic mental disorders.10
Thus it seemed natural to apply psychometric tests as outcomes when trying to corroborate the putative effects. A test battery was compiled (TUFF battery" 12), which has since been used at the departments of occupational medicine in Sweden. The TUFF battery contains subtests of verbal ability and is similar to the general recommendations of the World Health Organisation (WHO)'3 on the construction of test batteries in connection with neurotoxic effects.
In many studies of neuropsychiatric effects of exposure to solvents verbal tests were used as an indicator of pre-exposure performance, either for adjustment of non-hold test results or simply as a background for the discussion of results in non-hold tests.'0 [14] [15] [16] [17] [18] The aim of the present study is to investigate whether some different measures of primary intellectual level meet the second and, to some extent, the first of these criteria, and may thus be used as hold tests in occupational studies of neurotoxic effects.
Material and methods
The group considered for the study consisted of the male painters and carpenters who were born in 1925 or later, who were members of the Stockholm chapters of their trade unions in 1965, and had belonged to the union for at least 10 years before 1971. This restriction was introduced to make sure that the painters were active during the 1950s and 60s, when solvent exposure in the painting trade was high.2' Data on the basic criteria were collected through the membership files of the respective unions, in which 767 painters and 1212 carpenters met the criteria mentioned.
To obtain measures of primary intellectual level, we used results from psychometric tests done in connection with conscription for military service at the age of 18-20. Over the years, the subtests making up the test batteries have varied. The study subjects were taken from five different test years, in which two subtests were identical. From each test year (1949, 1951, 1953, 1957, and 1961 ) all painters and a random sample of about half of the carpenters were selected, amounting to a total of 148 painters and 85 carpenters. They were invited to a clinical examination of the neuropsychiatric effects of exposure to solvents. Altogether 135 painters and 71 carpenters participated in the investigation, which was carried out in 1988-9. Details on the selection of the study group (table 3) .
When comparing the results of the conscription tests at age 18-20 with the corresponding current results, in the form of individual difference measures (Adif and Cdiff) similar improvements in the performance of the two occupational groups were found (t tests on the mean improvements in A and C in both groups resulted in P < 0 0001). Comparing test performance between the differently exposed subgroups of painters with the group of carpenters, there was a tendency for painters exposed at a low level to perform better on average than the carpenters in all tests (table 3).
In the multiple regression analysis of A,,o,, with adjustment for background variables there was a clear tendency for intermediate and heavily exposed painters to perform worse than carpenters (table 4) . Among the controlled variables a higher A18 and more schooling were associated with a better result in A,,O,.
In the corresponding analysis of C,,O, a weak association remained for less exposed painters to perform better than carpenters and a higher C,8 and more schooling to be associated with better results.
In the regression analysis with SRB 1 less exposed painters performed better than carpenters. A better result in SRB 1 was strongly associated with a better result in A18 and C,8 but dyslexia impaired the result in SRB 1.
In Adiff and CdMff, painters with low exposure tended to improve more than carpenters, and intermediate and heavily exposed painters to improve less ( Otherwise, potential causes of misclassification of either exposure or outcome-such as, a lack of motivation on the part of the subjectshould most likely have been non-differentially distributed over exposure or outcome categories. Thus they would tend to diminish a true exposure-response relation.
Analyses were performed to study whether workers who had changed jobs showed different test results than those who did not. It was found that those who subsequently changed jobs, among painters as well as carpenters, had somewhat better results at the age 18-20 than those who were not to change. However, a change of job seemed not to affect the results found for solvent exposure in the regression analyses in neither the change in test results over time nor the test results at the re-examination if allowance was made for the test results at age 18-20. Earlier studies on changes of test results and problem solving behaviour after lengthy periods of time indicate that they may be due to training and other kinds of life experiences. 22 This may to some extent explain the improvements in the repeated conscription tests reported here. Another explanation may be that the subjects were better motivated to obtain a good result at the re-examination. However, none of these explanations can account for the differences in test outcomes between the exposure groups of painters.
Thus we think that the different development of test results over time among painters with different levels of cumulative solvent exposure is real. In our view two main explanations may be offered for this finding.
Firstly, exposed painters with a higher capacity for intellectual development might increasingly try to avoid work involving exposure to solvents whereas painters with a lower capacity for intellectual development would more commonly remain in this kind of work. This hypothesis of a selection among the painters is supported by the fact that carpenters and the whole group of painters showed similar mean (SD) test results at the age of 18-20 as well as at the re-examination.
Secondly, exposure to solvents had an effect on test performance. In this case one must assume that for social and cultural reasons linked to occupation painters and carpenters are equally likely to develop over time in terms of verbal abilities. This development is not affected by a low level of solvent exposure as found in the low exposure group in our study, whereas intermediate and heavy solvent exposure hamper this development in an exposure related manner. In the light of this explanation the tests used would in fact function as nonhold tests.
Our data are insufficient to examine the correctness of these two possible explanations.
It may be concluded that the putative hold tests examined in this study do not seem to meet basic criteria for hold tests to be used in occupational studies of neurotoxic effects. However, the choice of the two conscription tests was restricted to those three to five tests that have been used in the actual study group when the subjects were 18 years of age. The two verbal tests selected were the only two conscription tests that were available for the entire study group and they have much in common with some of the subtests in WAIS-R,8 often used as hold tests. One of the conscription tests also had a good correlation with the third test in this study which is the kind of verbal hold test used in similar studies. The two conscription tests seem to change considerably and differently over time in groups with different exposure to organic solvents and the results in the third test were also different in groups with different exposure to organic solvents. These differences may not be explained by dissimilar distributions of other known determinants of test results in the exposure groups. Thus the use of such hold tests seems inappropriate if occupational exposure is expected to result in minor functional changes although more research should certainly be encouraged on this point. This, in turn, emphasises the need for a careful and thorough epidemiological study design to make investigated groups with and without exposure to neurotoxic agents comparable for primary intellectual capacity. More research is also needed to prove that other, and possibly more valid, hold tests are actually useful in studies of neurotoxic effects in working populations.
